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The high ash, mediva t o  high v o l a t i l e  co ?m coals  avai lable  i n  the  
v i c i n i t y  of the I ron and s t e e l  works a t  PTexcastle 43. ' y i e l d  a very poor qual iqr  
b l a s t  furnace coke by most v o r l d  stmdzrds. 
rspid  e-ansion of the  Coinpanyg 8 production f a c i l i t i e s ,  has  c q h a s i s e a  t h e  
need f o r  extemive invest igat ion of methoads of inproving the qual i ty  of t h s  
coke made from these coals,, 

been of recognised p r a c t i c a l  be ef3 t and in f a c t ,  coLmon LJlant pract ice  f o r  
sone t h i r t y  f i v e  or more years,?2#3rc)and the grind spec i f icz t lon  ovcr t h i s  
perio3. has gensrally var ied betyeen the equivalent 3f 505 t o  
mesh E. S. S. :rhich i s  verr  f i n e  by nost  stpndards. !?o;lever, ivith t3e 
ex;?ansion o f  the cotrpsqr 's research a c t i v i t i e s  a?& tine i n s t a l l a t i o n  o f  p i l o t  
scale  research eqJipsent(5),  it ~ 2 3  considered desirable  t o  inves t igs te  the  
e f fec t  o f  coal  g r i n 3  and the use of adrrlitives i n  nore d e t a i l o  

scale  oven tests on the e f f e c t  of coa l  gr ind 03 coke strength. In  addition, 
many a e r i e s  of tests coxpiirlng the e f f e c t  of  various addi t ives  previously 
investigated,  such as char made from non-caking coals, were c a r r i e d  out over 
a range of coal  charge sizings. I n  the cows5 of t h s  &ove investigations,  
o5servations nade iI? r e l a t i o n  t o  the .  e f f e c t  on coke s t rength  of 'Jyoming 
bentonite and the bentoni t ic  dayshales  associated with tiie unwashed coals  
resulterl  in the concentration of a good deal  of research e f f o r t  on mineral 
n a t t e r  associated with both northern and svJthern New South Wales coal 8em.s. 

This fac tor ,  coz~?1ir.e9 x i th  

Fine minding of  t h e  coal charged t o  the ovens a t  Ne-mlistle has 

.minus 18 

An ear ly  stage of t h i s  research c o q r i s e d  experimsntal and f u l l  

Conoiderable de ta i led  resesrch on the  e f f e c t  of addi t ives  v.zsfi 2 6  
chcr, cci're-breoze, irorr end lizez2one has  been car r ied  out whic3 fiillj- 
c o r 9 i r m  the acivantazee of cher ari?ition in con;,sribon wlth otiier r e c o g n i 6 e ~  
methods of coke strength irzgrovmento However, i t  is n o t  l r tended  t o  
descri'ce t h i s  work i n  any d e t a i l  nere, save t o  co-mare the coke strength 
data  s . r l t h  t h a t  obtaiced in the  invest igat ion o f  f i n e r  grir.ding and bentonite. 

TESTS ON 

I n  Novenher '1956, a s   art of a long range program of *roving the 
p a l i t y  of b l a s t  f u n a c e  coke used a t  the  Nemastle steelviorks, investiga- 
t ions  of the coking c h a r a c t e r i s t i c s  of the  northern coal  ssma and varia- 
t ions bety,een the s m e  seanis a t  our severel  c o l l i e r i e s  u'ere coranenced. 
These sQerime.n.tal oven t e s t s  nere c s r r i e d  out pr on t o  the  i n s t a l l e t i o n  of  
the P i l o t  Scale Coal and Coke Besesrch Laboratoryt5J, and consequsntly, 
c lose control  3. s x h  chars3 vhriables as  ash cor-tent End coal  Zrinci r.ras not  
CI~HZJS possible. l a r g e  nu!ber of oven t e n t s  were of necessi ty  c a r r i e d  out 
i n  e.n a t t e z p t  t o  c l a r i f y  the  effect  of  the nany variables  encounteredo 
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The r e s u l t s  o f  a s e r i e s  of e a r l i e r  experimental oven t e s t s  a r e  

shown in  f igu re  1 ,  i n  vfhich the t rend  i n  re la t ionship between coke strength 
indices  and coa l  g l n d  a re  shom. 

It can be seen t h s t  increasing the f ineness  of  gr ind of  the coal 
charge has r e su l t ed  i n  an increase i n  t h e  s t rength of the coke as nieasured 
by the A.3.T,?,!. s t a b i l i t y ,  hardness, and sha t t e r  indices. These res l l l t s  
indicated the p o s s i b i l i t y  o f  increasing the s t a b i l i t y  of the coke fron? less  
tnsn 20 t o  over 30 by increasing the fineness o f  grind. Boke of  30 s tab i l -  
i t y  has previously only been obtsined on a production bas is  a t  Nerircsstle br 
addicg approxizatelr  25.;: lower v o l a t i l e  southern 11.9. :!. strongly co'rrine coal 
to the nortiiern blendso The incorporation o f  t h i s  southern coal ,  a tnough 
r s s u l t i n g  i n  irsprsved b l a s t  furnace oPeration, has generally been considered 
en eqens ive  answer t o  the _nroblen o f  inproving Hencastle b l a s t  f i rnaca c o ~ e  
q m l i t y .  The r e s u l t s  obtained by f i n e r  grinding suggested therefore,  an 
a l t e rna t ive  method to  the u s e  of southern coal. However, i t  was d S 0  
r e a i i s e d  t h a t  there  ex is ted  a nunber of p r a c t i c a l  problems i n  r e h t i o n  t o  
achieving and handling on a production scale  gr inds f i n e r  thsn 7&% d n ~ m  l a  
nesh. 

FULL SCALF: FILE GRIIu13 PESTS ON LTfiYASll~ COALS 

I n  February t o  April  1958, ten series of f i n e  grlnd t r i a l s  Nere 
c a r r i e d  out  i n  the f u l l  s ca l e  ovens a t  Newcastle. The bulk o f  these t e s t a  
pere  ca r r i ed  out using Lembtor, C o l l i z r y ,  Victor ia  Tunnel Seem, Burivood 
Coll iery,  Sorehole Seam and aurwood Dudley Seem cos l s  i n  the unwashed condi- 
tion. F a c i l i t i e s  mere not ava i lab le  to  car ry  o u t  t e s t s  on individual seams 
a f t e r  viaghing, but  it was possi'ole t o  t e s t  the e f f e c t  o f  coal ,gg?ind o n  the 
then clirrent northern blend ex the washery and the f i n a l  t e s t  i n  this s s r i e s  
was conducted on such a sample washed t o  143 ash. The overal l  r e s u l t  of t h e  
e f f ec t  o f  c o a l  $rind on coke s t rength  for t h i s  s e r i e s  of t e s t s ,  on cosls 
ranging from 13,d to  21% ash content,  is  shorn i n  f igu re  2. 
showed tha t  these f u l l  s ca l e  oven t e s t s  gave R close cor re la t ion  u f i t n  the 
r e s u l t s  obtained in the  experimental oven on northern coals a t  a s imilar  
ash levP1, 

of Siner grinding, the discoverg of the benef ic ia l  e f f ec t  f a l l  percen- 
tages  of bentoni te  and bentoni t ic  shales i n  northern c o a l s ~ 3 * ' ~ ,  providsd 
reason f o r  caution i n  assessing tine effectiveness o f  f i n e  grinding. I n  
addition, ciuring t h e  t e s t s ,  considerable difr'icu1t;r ~78s  eqe r i enced  in 
handling the very f i n e l y  &Found coa l  chargtts, v3icki i s  a P u t h e r  m o r t a n t  
consideration i n  rsgard t o  f i n e r  p inding .  

Calculation 

Pronising though these r e s u l t s  were i n  regar?. t o  the effectiveness 

A c loser  exemination of the r e s u l t s  of the f u l l  scale  f i n e  -grind 
t e s t s  on Victor ia  Tunnel, Dudley a n i  Borehsle s e a  coals  shoy;ed tha t  thertt 
were a t  l e a s t  three va r i sb l e s  which could be contributing t o  t h e  increase 
i n  coke s t rength,  i n=  other  two being ash content and coal soam variation, 
Fine grinding had been m o s t  e f fec t ive  v i t n  the high ash Dudley s e m  cgal,  
and l e a s t  e f fec t ive  ivith the lower ash Borehole seam ~ 0 2 1 ~  

I n  addition, l a t e r  invest igat ions showed tha t  o f  the coa l  SeaT.8 
tes ted,  the Dudley and Victor ia  Tunnel seam containing 'centonitic c l w -  
sha les  gave the b e s t  r e s u l t s  on f i n e r  grinding, whereas the 3orehols seam 
containing r e l a t ive ly  l i t t l e  bentor.ite gave the l e a s t  inqroveIEent, 

I 

I 

/ 
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rjecr,:.iss af the nuxber of vs r i sb les  t ha t  coulrl Se contri'tsiiting t o  
:?le effectiveneks of f i n e  grinding, i t  vias c loar  t h a t  the ~ rob1sm of s ign i f i -  
c a n t l y  and economically i q ~ r o v i n g  northern b l a s t  furnace coke qrrality bg 
f i n e r  grinding vas mora, c o q l e x  than or ig ina l ly  thaught. 

3:)3SRIX!XL'AL AI?? FEU S C U 3  O W l -  TESTS ON 'YASHED C O A L S .  

( a )  Emeriaent;lJven Fine Grind Tests  

I n  1959 fuli sce le  wet ::lashing .of the f i n e  coals  on Deis ter  'ta31es 
r e s l y o d  any t a b l e s  end the ash i n '  tP1e washed coal  t o  the co.nxercia1 ovens 
x 3  r edwe$  fron 1531 t o  11s. 
I " i ~ ~ r n  the r e3nc t im of 4; i n  coa l  ash, 
sL~sngth ,  I n  sp i t e  of the f a c t  t h a t  the %{ reduct ioc i n  ash gave severa l -  
aoints increase i n  coke A. S.T.L. harfdny,ss index, t h e  -%. FiaT.V. sha t t e r  and 
z t - 1 b i l i t j  wni-e rsdusec? soixwhai and there vras. a ,  inarked increase i n  the 
a:xuit oi" s p m ~  coke poduced,  

t e s t s -  .m these cuprent washed coals  of ,115 mh. Two s e r i e s  of t e s t s  were 
cz r r i ed  out ,  each .OII a ten ton sanple from the. f u l l  sca le  wasilery. 
ant ic icated,  f i n e r  grinding was sotne~:h,at less e f f ec t ive  with these washed 
c a a l a ,  Yonevel", i t  ?/as also found tha t :  i n  the experimental oveii, these 
I.;<, ,,L,:ied. c I coals gave ,considerably b e t t e r  qaa l i t g  coke a t  coarse c o d  grinds 
tiisn di9 the full sca l e  avens. Although the reasons for ?hi6 improvement 
v:Frs 'obscure, i t  'yas c, lear t h a t  reesonably s'trong ,coke could be  brodxced 
i n  +he - eqe rL ien ta l ,  oven, a t  (by our standards),  r e l a t ive ly  coarse coal  grinds 
o f  the order cf' 40$ t o  5Q3 minus 18 me311 E.S.S. ' , 

(b) 

63s 1bs each had been coked i n  invest igat ion of vsrious measures taken to  
i q - o v e  co:,Cs ?uuali,ty, and it had been concluded ' tha t  the most promising 
avenuss o f  fu r the r  invest igat ion were f i n e r  grinMng, 5% char  addi t ion and 
42 Bentonite addition. These three  methods although presenting the i r  own 
individual problems a s  regards f'ull sca le  appl icat ion,  Were considerably 
nore e f fec t ive  in the experimental oven tha t  say, i ron  ore, coke breeze or 
l ixestone additions. 

::!o:-i<s Syjearc:? Laboratory ( a s  described i n  more d e t a i l  i n  t he  next sect ion) ,  
i n  o r & r  t3 confirm t h s  r3esu l t s  ,obteined in  the experimental oveno The 
r e s u l t s  of' these t e s t s  are  given i n  tab le  I. 

Blast  farnace operat isn benefi ted consi8erzbly 
bwever, thare  was a fall-off i n  coke 

. .  
The ogportunity was taken to  carry out experimental oven f i n e  gr ind  

11s 

. .  

, .  

Fclil Scale Oven Tes ts  Coin:,arina Fine Grind, Char'-and Bentonite 
. .  

Slnc3 i i d  1956, some 850 experimental oven .charges of approximately 

Therefore, a nudber of f u l l  sca le  oven charges were prepared a t  the 

Des-ription Of 
U L  hS 

8 Control Tests 

(-A,.-- 

(iimge) 
:hixed Charze 
(EO addi t ions)  

T . a U  I. 
Pill Scale Oven Tests  Comparing Fine Grind, - Char and Bentonite Ad5ition. 

Coal  Grind A.S.T.31. Coke Physical Test Dat3 
5 1  8B. S. S. 3 Shat ter  1 "3 t&i l i tx  &Wzrdness 

49/55 68/74 -1 6/24 68/71 

48 71 19  68 

48 76 34 72 
44 a2 38 69 
65 77 29 73 





From t a b l e  2 i t  can be seen t h a t  a marked improvement i n  coke 
st rength has resulted from addi t ion of e i t h e r  %$, 6% or 18 bentonite, 
The run-of-oven coke produced a t  Nswcastls f r o =  the current  washed c o s l  
of approx,il$ ash and 3% v o l a t i l e  matter (d,a.f.) besides  giving poor 
coke strength, of the order of  t h a t  shown for t h e  control  tests i n  the 
tables ,  contains an excessive amount of sponge cokea The addi t ion of even 
a bentonite resu l ted  in v i r t u a l l y  coaplete elimination of  t h i s  sponge 
and a l e s s  f ingery coke prociuct. 
in sg-,earmce of the cokes produced d t h  and without bentoni te  addition. 
These photos ere of e Bingle bag of each coke se lec ted  a t  randomo 
a casual examination of the cokes, there  could be l i t t l e  h e s i t a t i o n  i n  
se lec t ing  the one containing bentonite, 

(b) 

F ig i res  5 a-?d 6 i i luuatrete t h e  c?if?erence 

Sven i n  

Full Scale Oven Tests Prepared a t  Coke Oven H m . e r  Mills with  no 
Seuara t e  tlixir,g. 

The next s e r i e s  of r U l l  scale  oven t e s t s  were aimed e t  determining 
the  simplest p r a c t i c a l  methofi of a d a n g  the bentonite t o  the coa l  In 
ant ic ipa t ion  of a fW.1 scale t e s t  in  the b l a s t  furnaces over an extended 
period, It was d w i d e d  t o  t e s t  the effect iveness  of the hammer m i l l s  
elone i n  mixing the bentollite with the coal. A small hopper and vibrat ing 
feeder were s e t  up t o  feed bentonite on t o  the stream o f  coal feeding i n t o  
the hammer m i l l a ,  For the  t e s t s ,  s u f f i c i e n t  coal  was run through the  m i l l  
t o  f i l l  a sample b i n  ( 3  oven charges)* Two or three cofitrol charges with- 
out  bentonite were prepared and charge& followed by three charges w i t h  * 
t o  $$ dry b e n t o d t e  powder added t o  the coal e t r e m .  

dry bentonite a t  the hammer mi l l  a r e  given i n  table 3 ~ +  
The r e s u l t s  o f  the f irst  t e s t  a e r i e s  c a r r i e d  out  by adding the fine 

Tmm 3: 

FULL SCALE OVEN TESTS ADDIN3 &% BEXTDNITE 
AT THE WiBlZR MILLS 

De scr iD ti  on &S.T.L!, Coke Physical Test  Data: 
of Charge: 1s Shatter: I S t a b i l i t y :  E H a r d n e s e :  
Control 65 13 72 

I t  64 15 73 
Dry Bent. 73 24 71 

t t  67 24 72 
68 21; 72 It  

From the r e s u l t s  of t h e  above t e s t ,  it was apparent t h a t  the coal  
used was of poorer qua l i ty  than normal as  r e f l e c t e d  i n  t h e  physical tests 
on the control cherges. The t e s t  was repeated using t h e  same technique of 
sdding the bentonite a t  both &$ znd &$ l e v e l s  of addition. The results of 
these t e s t  s e r i e s  are  given i n  tab le  4- 

\ 

\ 
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PULL SC.A.LE OV3N TESTS ADDING 45 AJTD 
f;". B3l!L'ONITS AT THE HALiiuiER XILLS 

Desc r ir, t ion  
Of Charge; 

Control T e s t s  
I Y  It 

I t  It 

It It 

Control T e s t s  
I t  - I1 

I t  I1 

I t  It 

9.S.T.LI. Coke Ph s i c a l  Test Data: 
j f J 3 - H H a r  h e  s e : 

65 17 72 
63 I 6  70 
67 16 73 
75 27 71 
70 30 75 
73 24 72 
65 17 72 
65 l a  74 
63 17 71 
70 23 71 
75 30 70 
67 30 71 

These fu l l  sca le  oven t e s t e  ( tab le  4) c o d i m e d  tha t  $5 t o  5% 
bentcni te  could be added t o  the s t rean  of cos l  entering the hammer mills 
with r e s u l t s  c o q s r a b l e  t o  t'nose obtained by carefu l  mixing. 

DISCUSSION 

Baned on the  r e n u l t s  obtained i n  experinental  and f u l l  scale  oven 
t e s t s ,  i t  is planned t o  ca r ry  out t r i a l s  i n  the coke ovena and 'olast 
furnaces a t  Newcastle over an extended period, The Newcastle plant has a 
nominal cspac i tg  of 300 tons/hour of washed coal, iVe w i l l  aim a t  3% dry 
bentoni te  addi t ion t o  the coa l  stream enter ing the hammer m i l l s .  That is, 
VIS  w i l l  be adding I ton/holu. of ash forming material  t o  the coal ,  and it  
must be admitted t h s t  the b e n e f i t s  o3tained need t o  be su f f i c i en t  to jueti.fr 
such an unusual precedent, 

c a s t l e  b l a e t  furnace coke qual i ty .  Ne therefore,  have the 0pportunit;r of 
answering the age o l d  quest ion concerning the benef i t s  of coke qual i ty  on 
b l a s t  m n a c s  operation, by a simple p rac t i ca l  process, Undoubtedly, 
valuable i d o r n a t i o n  w i l l  be  obtained, 

Our a i n  as regards the coke s t rength i n  the b l a s t  furnace t r i a l  
w i l l  be t o  produce a qonge  f r e e  coke of the  order of 75 sha t t e r  (Iftt), 
30 s t a b i l i t y  and 70 hardness. 'ilhether we can achieve th i s  spec i f ica t ion  
w i l l  depend t o  a large extent  011 the  degree of control  we can exercise over 
the uni formi ty  of addi t ion o f  the bentonite to  the coal stream entering the 
hamner mills, and on the  c o s l  gr ind obtained i n  the  mills. I n  m o s t  of the 
full sca le  oven t e s t e  c a r r i e d  out t o  date, the coal grind has been below 5m 
minus 18 mesh B.S.S. which is generally considered coarse for OUT types of 
cosl .  Ne 'know from experience t h a t  the bene f i c i a l  e f f ec t s  o f  f i ne r  coal  
gr ind and bentoni te  addi t ion  can be cornbined t o  give a stronger coke. Dur- 
ing the t r i a l  therefore,  we i v i l l  aiii t o  maintain the coal gr ind above 50$ 
minus 18 mesh ( the minimnu acceptable f igu re  under normal conditions),  which 
should ensure OD achieving the desired coke strength indices. 

However, &ere is no doubt tha t  bentoni te  markedly improves PTew- 
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There are many Questions i n  our minds regarding the possible  

s i g n i f i c m c e  of the  e f f e c t  of bentonite on coke s t rength  which can only be 
answered by f u r t h e r  research and ths  proposed f u l l  s c a l e  t r i a l .  

On the iwdamental  side,  there  i s  the question of the mechanisa by 
shich bentonite a f fec ts  an improvement i n  the qua l i ty  of the high v o l a t i l e  
northern NeS.;'Io coals. A t  the moment, our thinlring favours the theorr t h a t  
the loa-exchange .capacity of the  bentoni te  favoxrably e f f s c t s  the s t s b i l i t y  
of  t h e  bonding conat i tuents  i n  these coals. On the other  hand, :Ye nave t h s  
c o l t r a s t  i n  e f f e c t  on the lower v o l a t i l e  sauthern NOS.%. coals  whit? i n  a 
l imi ted  investigation,.  have shown a marked de ter iora t ion  i n  coke stren,sth 
with bentonite addition. 

The s o f t  clayshales associated witin the wrrashed northern N. S,'J. 
C O S l S  have been shown t o  possess bentoni t ic  proper t ies  t o  varging deqrees, 
some t o  a marked extent. The addi t ion of 13 of bentoni t ic  clayshale 
rmovsd from the  thxashed cqal  before washing and re-added t o  the vashed 
c o d  has a lso resu l ted  .in a marked increase in coke strength. Hoaever, i t  
is appment t h a t  the  benef ic ia l  p roper t ies  of t i e se  c l a y s n d e s  a re  l o s t  
ciuring coal washing, because zftw md-iing to 115 ash, these coals i n  
pract ice , .  should contain s u f f i c i e n t  of t h i s  clayshale t 3  give &? increase i n  
coke strength. That an increase i n  'coke strenztk? hss not  resu l ted  i n  
prac t ice  is, a t t r i b u t e d  t o  loss of' ion-exchsnge capacity of  the clays during 
-:mshing, This aspect offers a f i r t h e r  in te ros t ina  f i e l d  of resesrch. 

addina bentonite t o  the coal. A l irnited &?noant of work has.been c a r r i e d  
o a t  on the addition of the bentonite i n  slurry forin i n  both  rfater 'an& o i l .  
The bentonite can be dispersed readi ly  i n  the o i l  usejl for bulk density 
control,  but  i t  \'fa6 considsred t h a t  I n  t h i s  Forn, the  im-excharige capacity 
might  be l o = ~ ~ p y i  ts acci: .an cxterit 39 $5: o i l  t h a t  the arfec.t on the cdce 
s t rengt3   wild be leas wrked, 2 e s u l t s  obtained t a  data aith o i l  disber- 
sicn have been vari8,ble and Purther research i s  required an t h i s  poLrto 

-povernent ir. coke stren.gth a s  the dry bentcnite additicns. However, 
although by  no means proven comlusively a s  yet,  it i s  our jxpression tha t  
the no i s twe  content of the  coal may pley 81 important r o l e  i n  the e f f e c t - -  
iveness of tine Ciry bentonite aadif-ion. Thai is, the c o d  charges n i t n  
higher r,oirctwe seem t o  give stronger coke 1.?itl.i the &ry ber-itoniie addition. 
Eoi.te\rer, t k i s  i ssue is somei-:hat clouded hg other var isblea a t  the rconent. 

On the production side,  v i s  hope t o  obtoir  En ansver t o  the question 

There rezisins.sonethine t o  be l e a r n t  rezardlng the beat  method of 

'?later s l l l r r i e s  of bentonite have given nmch t h e  same order of 

of the  r e l a t i v e  rnerLts of colres o f  30 s t a b r l i i y  ard 15 st9bilit:r i n  the 
'blast  ,fiirn%ceE st t!ewastle. If the t r i z l  is successful f'ror: t h e ' p o i n t  of 
viot-: of control and coke s t rens th  and l i t t l e  e f f e c t  i s  shown on b l a s t  
fuz2ace operation and production, then YE ?;iill need t o  rev ise  o u r  assess- 
mecta of .iiha,t c o n s t i t u t e s  b l e s t  furnace coke  quality.  On the o ther  hand, 
shoulc bizs t  fixmace oserat ion benef i t  s ign i f icant ly  from the use of  the 
bentoni te  coke, ne w i l l  b e  a k r t h e r  s t e p  forward i n  the codanon goal of 
ioproving b l a s t  Furnace pr3duct ivi ty  by the  use of t a i l o r  &?de rgw mater- 
i a l s ,  

The author is indebted to  the Directors and EIanagement of the 
Eroken F i l l  Ptg. Co. Ltd., for permission t o  publish t h i s  paper. 

The passage of t h i s  laboratory conception t'prough the 3 i l o t  p l a n t  
stage t o  a full scale  production t r i a l  required the cooperation and ex t ra  

I 
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e f fo r t  of many colleagues together with construct ive c r i t i c i sm a t  eech step 
in the p r o c e s ~ .  Although it  is not Gract ical  t o  s ing le  out 911 o f  those 
iyho gar t ic ipa ted ,  the actnor is esyecial ly  indebted t o  the Chief ':'iorks 
BeSe8rCh Off icer ,  Kr.D.O.i!orris and J o ~ k s  assearch Officer,  Mr,D.E.Felton 
who have been closely associated rrith t h i s  and every phase o r  ow= coa l  and 
coke resemch p o g r s m .  
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CoaiSiring %-f8Merh BSS 
Fig.1 - frperimental Oven Fine Grind Tests 

on Unwashed Newcostle Coals 

fig.2 - Full S c a l e  Oven Fine Grind Tests  
o n  Unwashed Nevvcasfle Coals 
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Fig. 3: - Section of the P i l o t  Scale  Coal  & Coke Research Laboratory. 

Fig. 4: - The Experimental Coke Oven. 
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Fig, 5: - Control  T e s t ,  Full Scale Oven, Typical Spongy Run of Oven Coke. 
\ 

\ 

Fig. 6; - mll Scale Oven Test &$ Bentonite Addition. 


